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Introduction n
Evee movements are studied in schizophrenia because abnormalities may reflect CNS activitiess and circuitry that are relevant to the neurobiology' of schizophrenia (Hutton andd Kcnnard, 1998) . Earlier studies demonstrated that reflexive saccades are normal inn patients with schizophrenia (lacona et al, 1981; Levin et al, 12982; Yee et al, 1987) .
Theyy are elicited by a suddenly appearing visual target that captures attention and triggerss a saccade to the target. In contrast, volitional saccades are abnormal. Unlike reflexivee saccades, volitional saccades are cognitively demanding and must be elicited byy behavioral paradigms. The anti saccade task, originally introduced by Hallet (1978), generatess the most frequently observed volitional saccade abnormality in schizophrenia (Crawfordd et al, 1996; Fukushima et al, 1990 ). In the antisaccade task, subjects are askedd not to look at a suddenly appearing visual target but to make a saccade in the oppositee direction at an equal distance of the central fixation point. It has been suggestedd that the dorsolateral prefrontal cortex is involved in suppressing reflexive saccades,, and that the frontal eye fields trigger the correct saccade to the opposite sidee (Muri et al, 1998) . Most eye movement studies in schizophrenia merely have reportedd abnormalities rather than investigate any relationships between such abnormalitiess and particular clinical features (Hutton and Kennard, 1998) .
Cognitivee abnormalities reported in schizophrenia include dysfunctions in working memory,, attention, semantic memory retrieval, goal-directed problem solving and motorr speed (Grant and Adams, 1996) . Working memory is fundamental to the human abilityy to reason and make judgments that rely on remembered contextual information andd is believed to be mediated mainly by the dorsolateral prefrontal cortex (Beardsley, 1997) .. Attentional dysfunctions appear to be a "trait" marker for schizophrenia, because theyy are apparent in symptom-free patients (Nuechterlein et al, 1986) and in children att risk of schizophrenia (Neuchterlein 1983) . Which cognitive function is mostly drawn onn by subjects performing the antisaccade task is uncertain since correlations between thiss task and a comprehensive neuropsychological test battery are unexplored (Hutton andd Kennard, 1998) .
Thee effects of antipsychotic medication on reflexive saccades and antisaccades aree still unclear. We treated patients with either olanzapine or risperidone. Because olanzapinee has a different receptor binding profile than risperidone, differential effects off olanzapine and risperidone may lead to new hypotheses about the effect of blocking certainn receptors on saccades in schizophrenia.
Thee first aim of the present study was to elucidate pathophysiologic mechanisms involvedd in abnormal antisaccaclc task performance in schizophrenia, by investigating aa possible relationship between antisaccade task performance and neuropsychological testss and symptomatology in a group of young patients with recent-onset schizophrenia.
Thee second aim was to compare the effects of olanzapine and risperidone on antisaccadess and reflexive saccades in young schizophrenic patients.
Methods s

Subjects s
Thirty-sevenn patients with schizophrenia performed the antisaccade task (6 women); theirr mean age was 21 years 1 (SD , 1987) for the evaluation of symptoms in schizophrenia. The scalee is composed of 30 items, each of which is given a score of 1 through 7 according too defined criteria.
Patientss were semirandomized for medication; if patients responded well to olanzapinee or risperidone and before admission, then medication was continued.
Otherwise,, patients were randomly allocated to olanzapine or risperidone at admission.
Eighteenn patients were treated with olanzapine (mean dosage 15.8 4.9 mg) and 15 patientss with risperidone (mean dosage 3.9 1.5 mg). One patient was receiving pimozidee and one sertindole. Two patients were not compliant for their prescribed medicationn at the time of testing. Three patients with olanzapine and two with risperidonee used an antidepressant (paroxetine) and one patient with olanzapine and twoo patients with risperidone used antiparkinsonian medication. Mean number of previouss psychotic episodes was 0.2 0.47. Mean duration for which the patients hadd been ill was 19.3 15.1 months, including the prodromal phase. The study was approvedd by the research and ethics committee of the Academic Medical Center and alll patients gave written informed consent, Thirteen healthy controls (6 women) with aa mean age of 22.5 4.2 years served as control group for antisaccade task performance.
Theyy were matched as a group on age and estimated intelligence.
Eyee movement recording
Inn contrast to earlier studies, in the present study, antisaccades and reflexive saecades weree recorded using the double magnetic induction method (Bour et al, 1984) , with aa high spatial and temporal resolution. The subject's head was stabilized with a head tiee and chin rest in a homogeneous alternating primary magnetic field with a constant amplitude.. Horizontal as well as vertical eye positions of the right eye were derived fromm a secondary magnetic field picked up by a detection coil placed in front of the eye.. A gold-plated lens was placed on the right eye after anesthesia with a few drops off oxybuprocaine. The lens generated the secondary magnetic field of which the strengthh was related to the position of the eye. The average resolution was 5-minute arcs.. The visual target was a single, red, 0.5 degree diameter, circular laser-spot of 20 cd/nrr luminance, that was projected on the rear of a white translucent screen by meanss of a mirror device. Before the antisaccade task, the subject was asked to make aboutt 30 reflexive saecades to temporally unpredictable targets randomly located in thee horizontal plane between -10 and +10 degrees. In the reflexive saccade task, subjectss were instructed to look as quickly and precisely as possible at visual targets whereverr they appeared. In the antisaccade task, subjects were told not to look at the appearingg target but to look immediately in the opposite direction at an equal distance off the central fixation point. The laser-spot was first projected at gaze straight-ahead positionn (central fixation point). Then, after a random period between 600 and 1200 msec,, the laser-spot was abruptly moved by the mirror, to an eccentric position, located 55 degrees randomly left or right of the fixation point. After two seconds the spot was 29 9
projectedd to the correct anti saccadic eye location (feedback signal). After 300 msec thee spot was again projected to gaze straight-ahead position. After several practice trials,, about 20 trials were presented to each subject.
Antisaccadee task variables were mean error rate, latency of the correct and wrong antisaccades,, antisaccade gain, and peak velocity. Reflexive saceade variables were meann latency, gain and peak velocity. All variables were calculated with an interactive computerr program written in Matlab (The Math Works, Inc., USA). The antisaccade errorr rate is the percentage of wrong antisaccades. Only first responses and responses withh a latency longer than 100 msec were included. The gain is always positive for thee wrong antisaccades, that is, towards the visual target, and negative for the correct antisaccades,, that is, away from the target. The peak velocities of reflexive saccades weree plotted against the amplitudes for each subject. The velocity-amplitude relationshipp was expressed with an exponential curve (Smit et al, 1987) , and the peak velocitiess for saccades of different amplitudes were computed from the best-fit logarithmm curve. Correct antisaccade velocity-gain for each amplitude was calculated ass the ratio of correct antisaccade peak velocity and reflexive saceade peak velocity basedd on the exponential fit. A similar calculation was performed for wrong antisaccades. .
Neuropsychologicall test batten'
Too estimate premorbid intelligence, a composite measure was constructed. In each subject,, the level of education of the subjects' parents was determined along with the subjectss own level. As an estimate of current intelligence, the following four subtests off the Weehsler Adult Intelligence Scale (WAIS, Lezak, 1995) bee repeated that were read to the patient in strings of 4 to 12 digits. In the SOT missingmissing item test, random strings of digits (e.g., from 1 through 6) were read to the patientt with one digit missing, which had to be named. In the SOT verbal test the patientt was asked to verbally construct strings of digits, without naming three digits inn ascending or descending order (e.g., 6, 7, 8) and without repeating digits. For the SOTSOT visual test the digits had to be pointed to on printed paper. For the Spatial WorkingWorking Memory Test (SWMT, Keefe et al, 1995) , the patient was required to remember thee location of a spot on the computer screen, The spot disappeared and after several minutess in which words had to lie read aloud, the subject was asked to point to the locationn of the absent spot. The score consisted of the mean distance between the variouss locations of the displayed spot and each location that was pointed to after its disappearance.. For the Continuous Performance Test (CPT) 3-7 (Lezak, 1995), a string off digits had to be monitored for a specific target (the digit 7 preceded by 3) and the patientt had to respond by pressing the computer mouse. This test reflects attention butt it includes also an important working memory component because one has to rememberr that the target is 7, only when preceded by 3. Semantic memory retrieval wass assessed with Verbal Fluency (Lezak, 1995) . The scores represented the number off words generated in the category of animals and occupations and the number of wordss generated beginning with the letters N, A and E One minute was allowed for eachh letter and category.
Thee Stroop Test and Trail Making Test (TMT, Lezak, 1995) were administered to assesss attentional dysfunctions. The Stroop Test consisted of two baseline tests and an incongruentt test. In the first baseline test, congruent colored words were presented on aa computer screen, such as red in the color red. The button with the same color had to bee pressed. In the second baseline test, the subject was asked to press the button with thee same color as a rectangular space on the screen. In the incongruent test, the color off the words did not correspond to their lexical meaning (e.g., the word red printed in blue,, and the button with the color of the word had to be pressed and the lexical meaning hadd to be ignored. For the Stroop interference score, the reaction time estimated in the thirdd test was subtracted from the reaction time in the second test. In TMT A, the digits fromm 1 through 26 had to be connected as quickly as possible with a pencil on a paper.
InIn TMT B, the same had to be done for all letters from a through z. In TMT C, the subjectt was requested to connect alternating letters and digits (l-a-2-b, etc.). The Finger
TappingTapping Test (Lezak, 1995) gives an indication of motor speed. With each hand as many fingerr taps as possible were made on a computer mouse key in five 10-second trials.
Thee score for each hand was the average for five trials.
Inn most patients, the neuropsychological test sessions were divided over two days andd in a few patients over three days. Patients were tested when they had been on thee same medication for six weeks, when they were no longer in an acute, positive phasee of the disease and within two weeks after the eye movement test.
Statisticall analysis
Reflexive--and antisaccade variables in the patient and control group were compared usingg two-tailed t-tests. For the antisaccade error rate, a t-test with pooled variance wass used because SD was significantly unequal between the two groups. Correlations betweenn the antisaccade task and the neuropsychological test battery were examined withh Pearson correlation coefficients. Using a Bonferroni correction, only two-tailed p-valuess below 0.02 were considered significant for correlation coefficients. Both antisaccadee error rate and neuropsychological test results are known to be influenced byy intelligence. Therefore, correlations between error rate and neuropsychological testss were examined with partial correlation coefficients controlling for premorbid andd current intelligence. Mean latency of the correct and wrong antisaccades were comparedd with mean latency of the reflexive saccades using the nonparametric Forr ethical reasons, the antisaccade task and neuropsychological test battery were performedd when positive and disorganization symptoms were reduced. To examine relationshipss between antisaccade task performance and positive and disorganization symptoms,, PANSS scores at intake were related to antisaccade task results in a more stablee phase of the disease.
Results s
Representativee examples of antisaccades in a control subject and a patient are shown inn the figure.
Antisaccadee error rate and latencies and gains (i.e., metrics) of the antisaccades and reflexivee saccades are listed in Timee (sec) Figure: : Antisaccade task performance in a control subject and a patient. The bold lines representt the laser-target (fixation, appearance, feedback) and the thin lines represent the eyee movements. The patient looks in each trial directly at the visual target, whereas the controll inhibits this reflexive response.
Fourr patients had none of the antisaccades correct (error rate 100%). Four controls badd all of the antisaccades correct (error rate, ()%). None of the controls had an error ratee of 100% and none of the patients had an error rate of 0%.
Inn the patient group, antisaccade error rate was higher than seen in the control groupp (t 48 = 4.83, p < 0.001). Furthermore, in the patient group, reflexive saccade gainn was reduced in comparison with the control group (t ls = -2.00, p < 0.05).
Latenciess of correct and wrong antisaccades were longer than latencies of reflexive saccadess in both the patients (z = -5.01, p < .001 and z = -4.62, p < 0.001) and in the controlss (z = -3.06, p = 0.002 and z = -2.66, p = 0.008).
Thee mean peak velocity of 10-degree reflexive saccades, based on the exponential fitt curve, was 312 39 deg/s in the patient group and 315 23 deg/s in the control group.. Mean velocity gain of the correct antisaceades was 0.90 0.14 and of the wrongg antisaceades 1.00 0.11 in the patient group. In the control group, mean correctt antisaecade velocity gain was 0.92 0.08 and wrong antisaeeade velocity gainn was 1.00 0.06. None of the velocity variables showed a significant difference betweenn the patient and control group. Correct antisaecade velocity gain was smaller thann the test value of 1.00 in both the patients (t 52 = -3.82, p < 0.001) and controls (t 12 == -3.77, p = 0.003). Wrong antisaecade velocity gain did not differ significantly from thee test value of 1.00.
Thee antisaecade error rate increased with decreased estimated premorbid (r = -0.51,, p = 0.007) and current intelligence (r = -0.40, p = 0.02). The following correlationss between the performances on the antisaecade task and the neuropsychologicall test battery did not have intelligence as an underlying explaining factor:: a high percentage of wrong antisaceades (high error rate) was related with poorr working-memory function (SOT digit span: r = -0.56, p = 0.001), whereas thiss relationship showed a trend in two other working-memory subtests (SOT verbal: rr = -0.34, p = 0.05; SOT missing item: r = -0.30, p = 0.09). Poorer performance on thee pooled SOT subtests was related to increased error rate (r = -0.46, p = 0.006).
Furthermore,, there was a correlation between high error rate and poor spatial workingg memory (SWMT: r = 0.48, p -0.006) and decreased attention that includes aa working-memory component (CPT: r = -0.42, p = 0.01).
Noo correlation of antisaecade error rate with the Stroop interference score was foundd in the risperidone group (r = 0.13, p = 0.70), whereas in the olanzapine group theree was a trend (r = 0.51, p = 0.036). TMT A (r = 0.64, p = 0.006), B (r = 0.60, p == 0.01) and C (r -0.62, p = 0.007) correlated strongly with antisaecade error rate in thee olanzapine group and and not in the risperidone group. There was no significant differencee between patients treated with olanzapine or risperidone in the CPT, SOT digitt span test or SWMT.
Ourr results showed several correlations between the metrics of the antisaecade taskk and PANSS scores at intake. Increased latency of the correct antisaceades correlatedd with increased severity of conceptual disorganization (r = 0.47, p = 0.005), difficultyy with abstract thought (r = 0.44, p = 0.01), disorientation {r = 0.34, p = 0.05),, and poor rapport (r = 0.46, p = 0.006). These PANSS items correlated highly withh each other, and the first three items especially are considered generally to belong too the disorganization symptom dimension. The total score of these four PANSS items att intake correlated with the total score of the four items at the time of testing (r = 0.46,, p < 0.004). Thus, the patients with disorganization symptoms at intake had disorganizationn symptoms at time of testing, but the severity of disorganization symptomss was reduced.
Tablee 2.2 depicts differential effects of olanzapine and risperidone on the metrics of anti--and reflexive saccades.
Meann latency of the reflexive saccades was prolonged in the risperidone group comparedd with the olanzapine group (t :il = -2.02, p < 0.05). Peak velocity of saccades smallerr than 20 degrees showed no significant difference between the two medication groups. . 
Discussion n
Wee confirmed that the antisaecade error rate in a homogeneous group of young patients withh schizophrenia was significantly higher than in a control group. The percentage off errors in the antisaecade task increased with decreased working memory function (measuredd by the SOT and SWMT) and attention that includes a working-memory componentt (by the CPT). In the olanzapine group but not in the risperidone group ann increased percentage of errors in the antisaccade task was related to reduced performancee on attentional tests (Stroop Test, TMT) . In contrast to positive and negativee symptoms, increased disorganization symptoms at intake were related to increasedd latency of correct antisaccades. Finally, in the risperidone patient group, latenciess of reflexive saccades were longer than in the olanzapine group.
Youngg schizophrenic patients performed worse on the antisaccade task than ageandd intelligence matched controls, which suggests that antisaccade task performance iss already reduced in the early phase of schizophrenia. This suggestion is in accordance withh two studies that reported increased error rate in small groups of relatively young schizophrenicc patients without previous antipsychotic medication (Crawford et al, 199,5; ; Hutton et al, 1998) . In our young group of patients, severity of disorganization symptomss at intake was related to increased antisaccade latencies. Van der Does et al (1993) ) reported in a similar-aged schizophrenic group that severity of disorganization symptomss was related to decreased neuropsychological test performance, whereas severityy of positive or negative symptoms showed no relation. These data suggest thatt in young recent-onset schizophrenic patients, disorganization symptoms may affectt test performance more than positive or negative symptoms.
Ourr study has demonstrated that working memory is the cognitive function that possiblyy mediates the suppression of unwanted reflexive saccades in young patients withh recent-onset schizophrenia. Other cognitive functions, such as semantic memory retrievall and motor speed, were not related to reflexive saccade suppression. From severall neuropsychological studies using functional MRI, performed in healthy subjects,, it has been postulated that cognitive tests of working memory are associated withh the dorsolateral prefrontal cortex (Kammer et al, 1997 : Callicott et al, 1999 . In addition,, a study of patients with cerebral lesions has indicated that only lesions restrictedd to the dorsolateral prefrontal cortex resulted in increased error rate whereas lesionss to other prefrontal areas did not affect error rate (Pierrot-Deseilligny et al, 1991) .. These data and our findings may therefore indicate that a high antisaccade errorr rate in recent-onset schizophrenia may result, at least in part, from dorsolateral prefrontall cortex dysfunction.
Peakk velocity of correct antisaccades was slower than peak velocity of reflexive saccadess with the same amplitude in both patients and controls; peak velocity of wrongg antisaeeades was similar to reflexive saccade peak velocity. Smit et al (1987) alsoo found correct antisaccade peak velocity to be slower than reflexive saccade peak velocityy in healthy controls.
InIn the olanzapine patient group, and not in the risperidone grou, an increased percentagee of errors in the antisaccade task was related to reduced performance on attentionall tests (Stroop, TMT). This finding may he the result of an increased dispersionn of scores on the Stroop and TMT in the olanzapine group compared with thee risperidone group.
InIn the present study, patients taking risperidone showed longer reflexive saccade latenciess than patients taking olanzapine. Sweeney et al (1997) reported that in schizophrenicc patients, risperidone was associated with longer latencies and smaller gainss of saccadic eye movements, while haloperidol was not. The authors assumed thatt these effects might caused by a powerful serotonergic (5-HT, n ) antagonistic action off risperidone, which may interfere with mechanisms in brainstem regions controlling saccadicc eye movements. However, another study showed that olanzapine has a similar 5-HTT receptor occupancy as risperidone (Kapur et al, 1998) , and therefore it is unlikelyy that this assumption is correct. Risperidone binds to the alpha, adrenergic receptor,, whereas olanzapine and haloperidol as well bind weakly or not at all to this receptorr (Schultz et al, 1999) . Because risperidone is associated with latency prolongationn and olanzapine and haloperidol are not, the alpha, adrenergic receptor mayy be implied in latency prolongation of saccadic eye movements.
